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During thisstudy a methodology was developed to project growth trends
of the motor vehicle population and associated oil demand and carbon
dioxide (CO,) emissionsin China through 2050. In particular, the num-
bers of highway vehicles, motorcycles, and rural vehicleswer e projected
under threescenariosof vehiclegrowth by following different patter nsof
motor vehicle growth in Europe and Asia. Projections showed that by
2030 China could have mor e highway vehiclesthan the United Stateshas
today. Threescenariosof vehiclefuel economy wer ealso developed on the
basisof current and future policy effortsto reduce vehicle fuel consump-
tionin Chinaand in developed countries. With thevehicle population pro-
jectionsand potential vehicle fuel economy data, it was projected that in
2050 China’son-road vehicles could consume approximately 614 million
to 1,016 million metric tons of oil (or 12.4 million to 20.6 million barrels
per day) and emit 1.9 billion to 3.2 billion metric tons (or 2.1 billion to
3.5 hillion tons) of CO, each year. Although these pr oj ectionsby nomeans
imply what will happen in the Chinesetransportation sector by 2050, they
do demonstrate that an uncontained growth in motor vehicles and only
incremental effortstoimprovefuel economy will certainly result in severe
consequencesfor oil useand CO, emissionsin China.

During the past two and a half decades, China has experienced rapid
growth in its on-road motor vehicle population, and this trend will
certainly continue. The effects of this rapid growth on oil demand
and carbon dioxide (CO,) emissions have been afocus of study since
the late 1990s. The Chinese government has undertaken efforts to
improve vehiclefuel economy to help contain the significant increase
in the nation’s demand for transportation oil. For example, in 2004,
China adopted the first fuel consumption standards for M1 vehicles
[passenger cars, minivanswith fewer than nine seats, and sport utility
vehicles (SUV9)] to help reduce the fuel consumption rates of these
vehiclesby about 15% from those of Chinese M1 vehiclesmodel year
(MY) 2002 (1).

Several studies have been conducted to forecast the oil demand
and CO, emissions of Chinese motor vehicles in the future (2—4).
However, these studies omitted the impact of rural vehiclesin their
projections; these vehicles could account for 20% of thetotal oil con-
sumption by motor vehicles in China. In addition, because of the
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rapid changes in Chinese vehicle fleets during the past 10 years,
results of these studies—all of which were limited by the availability
and reliahility of data—need to be revised and updated.

During this study, a methodology was developed to simulate the
growth of the Chinese vehicle population and resulting oil con-
sumption and CO, emissions through 2050. Highway vehicles,
motorcycles, and rural vehicleswere included in this study. Vehicle
population growth, vehicle use intensity, and vehicle fuel consump-
tion rates were projected by considering (a) recent historical data
available in China, (b) vehicle population growth patternsin devel-
oped countries that are applicable to China, and (c) scenarios that
address important parameters for Chinese vehicle growth and fuel
consumption rates. This study is an extension and enhancement of
astudy by two of the authorsin 2000 (4). Theintent isto provide a
reasonable view of China’ s on-road vehicle population growth and
the associated oil demand and CO, emissions so that effective poli-
cies can be formulated and implemented to address the adverse
conseguences of such growth.

METHODOLOGY AND DATA

Chinese vehicle classification is somewhat different than that in
developed countries and has sometimes caused confusion outside
China. Chinese civil vehicles are grouped into the following cate-
gories: highway vehicles (HWVs), motorcycles (MCs), and rural
vehicles (RVs). According to Chinese statistical protocol, HWV's
include passenger cars, trucks, and buses. On the basis of their gross
vehicle weight (GVW), trucks are further classified into heavy-duty
trucks (HDTs) [GVW 2= 14 metric tons (M T)], medium-duty trucks
(MDTs) (GVW = 6-14 MT), light-duty trucks (LDTs) (GVW =
1.8-6 MT), and minitrucks (MiniTs) (GVW < 1.8 MT). Tota vehicle
length (TVL) determinesthe classification of buses: heavy-duty buses
(HDBs) (TVL =10 m), medium-duty buses(MDBS) (TVL =7-10m),
light-duty buses (LDBs) (TVL = 3.5-7 m), and minibuses (MiniBs)
(TVL =< 3.5m). On the basis of engine displacement volume (DV),
cars are classified into large cars (LCs) (DV > 1.6 L) and small cars
(SCs) (DV < 1.6 L). Motorcycles are classified as urban or rural, and
RVs as three-wheeled (3-W RVs) or four-wheeled (4-W RVs). Car,
truck, and bus types are further separated into gasoline and diesel
vehicles; all MCs are fueled with gasoline and all RVswith diesel.

Projection of HWV Stock (by Model Year)

Vehicle stock is a key factor in determining oil use and CO, emis-
sionsin the transportation sector. Furthermore, vehicle technologies
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improve over time as aresult of either government requirements or
market competition. Because technology improvements could result
in increased vehicle fuel economy over time, fuel economy usually
varies by the vintage of on-road vehicle fleets. In China, where
vehicletechnologies areless advanced, the variation in vehicle fuel
economy among different MY s could be significant. Therefore, an
accurate projection of oil use and CO, emissions needs to take into
account differencesin the fuel economy of different MY vehicleson
the road in a given calendar year. In other words, information on
HWV stocks by vintage, aswell astotal HWV stocks, is heeded. In
this study the HWV ownership per 1,000 people wasfirst projected
by using the Gompertz function (as explained below) to obtain total
HWYV population with projected human population in China. Then,
annual sales of vehicles were backcal culated to match the projected
total HWV stocks in a given year by considering vehicle survival
rates and market shares by vehicle type. Note that in this step, the
total HWV stock was also decomposed into different vehicle types
by using their market shares. Finally, HWV stock was established by
vintage and by type on the basis of HWV sales, survival rates, and
market shares.

Total HWV Stock: Gompertz Function

The Gompertz function, which is used to simulate the growth of the
HWV fleet in this study, can be expressed as

Vo= V*x e
I

@

where

V; = HWV ownershipinyear i (vehicles per 1,000 people),
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V* = ultimate saturation level of HWV ownership (vehicles
per 1,000 people),
EF; = economic indicator [gross domestic product (GDP)/
capitawas used], and
oand B = two parametersthat determine the shape of the S-shape
curve of HWV ownership growth over economic
growth.

The Gompertz function relatesHWV ownership to per capitaGDP
by following an S-shape growth curve against per capita GDP growth
with three phases: an initial slow growth period, aboom period, and
asaturated growth period. In Figure 1, the HWV ownership per 1,000
peopleisplotted over per capita GDPin 18 countriesusing datafrom
various references (5-10). Growth patternsin HWV s were grouped
into three categories. The first category is the North American pat-
tern, represented by that inthe United States, in whichthe HWV fleet
grows most rapidly as per capita GDP increases. For this pattern, a
saturation level as high as 800 vehicles per 1,000 peopleis reached
as per capita GDP reaches $20,000 (1985 dollars). The second
pattern is the European pattern, in which the growth rate of HWV
ownership versus per capita GDP is slower than that of the North
American pattern. This s reflected in both the slope of the growth
curve and the saturation level and could be partialy attributable to
the denser population and compact urban development in European
countries. The saturation level for the European growth pattern is
about 600 vehicles per 1,000 people. The third pattern is the Asian
pattern, represented by Japan. The saturation level of HWV owner-
ship in Japan isrelatively lower—about 550 vehicles per 1,000 peo-
ple. Thislow saturation level is caused partly by the high population
density and the extensive public transportation system in Japan.
Some countries, such as South Korea, Denmark, and |reland, show
an even smaller rate of HWV ownership.
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FIGURE 1 Growth trends of vehicle ownership in selected countries [vehicle stock data for European countries are

from the European Commission (6), for South Korea from the Korean Automobile Manufacturers Association (7), for
China from the State Statistical Bureau of China (8), and for other countries from Davis and Diegel (5); GDP per
capita data are from Easterly (9); population data are from the U.S. Census Bureau (70)1.



Huo, Wang, Johnson, and He

The saturation level of HWV ownership per 1,000 peopleisakey
factor in estimating total HWV population. Dargay and Gately
assumed a saturation level of 850 (all vehicles) per 1,000 people and
620 cars per 1,000 peoplefor the 26 countries (including China) that
they studied (11). However, Koboset al. believe that it wasimpossi-
blefor China—ahighly popul ated country—to reach such ahigh sat-
uration level (3). Instead, Kobosand his colleagues used a saturation
level of 292 passenger vehicles per 1,000 people. Button et al. (12)
set arange of 300 to 450 cars per 1,000 people for developing coun-
tries such as China. On the basis of the historical information about
HWV growth in developed countries, three scenarios were estab-
lished for growth in the stock of Chinese HWVs: a high-growth
scenario (following the European growth pattern), amidgrowth sce-
nario (following the Japanese growth pattern), and a low-growth
scenario. Saturation levelsfor HWV s of 600, 500, and 400 per 1,000
people were selected for the high-, mid-, and low-growth scenarios,
respectively. These saturation levels are for all HWVs, including
passenger cars.

On the basis of the current Chinese government’s economic pro-
jection (according to the Report of the 16th National Congress of the
Communist Party of China, the government’s plan is to increase its
GDPfour timesbetween 2000 and 2020 and to reach aper capita GDP
of $10,000 by 2050) and other availablereferences (13-16), aChinese
annual GDP growth rate of 8.0% between 2006 and 2010 and of 6.0%,
4.7%, 4.0%, and 3.0% during each 10-year period from 2011 to 2050
was assumed.

Thus, with projected total human population, total HWV stock
in China can be predicted from the projected vehicles per 1,000
people. The Chinese population is projected to increase from the
current 1.30 billion to 1.45 billion by 2050 (13, 17, 18).

HWV Sales by Type: A Backcalculation Method

Assuming that vehicle stock in agiven year consists of the portion of
the vehicles sold in al previous MY s that are still on the road, the
total vehicle population can be expressed as Equation 2. Given vehi-
cle survival rates and market shares by type, this equation was used
to backcal culate annual vehicle sales to match the already projected
total HWV.

VR =YY (sdes_, x maket, , , x SR, ;) @

j k=0

where

o = possiblelongest service period of thevehicles(years),
k = agein k yearsfor vehicles,
VP, = vehicle population in year i (million units),
sales = sales of all vehicle typesin model year i—k (million
units),
market;,_; = market share of vehicletypej in model year i—k (%),
and
SRy; = survival rate of vehicletypej at age k (%), the pro-
portion of still-operating vehicles (in sales) in certain
years.

Vehicle surviva rates (SRs) and market shares need to be deter-
mined for Equation 2. So far, relatively little is known about the sur-
vival rates of HWVsin China. However, the SRs of China s vehicle
fleets are certainly affected by Chinese national scrappage standards,
which requirethat vehicles be scrapped when they reach adefined age
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or mileage; for example, passenger vehicles with nine or fewer seats
arerequired to be scrapped after 15 years and trucks at 400,000 km of
travel distance or 10 yearsof service. Inthisstudy, SRsare determined
onthebasisof vehicle scrappagerequirementsin Chinaand thetrends
in variation of SRsin developed countries. In particular, the SRs of
various vehicle typesin Chinaare assumed to closely follow thosein
Beijing, as presented in astudy by Yang et a. (19), but with adiffer-
ent median lifetime (defined asthe vehicle age at which the SR equals
50%; in this study the median lifetimeis determined for each vehicle
type on the basis of its required scrappage period). For future years,
anincreaseof 2to 3yearsinthemedian lifetimewasassumed for cars,
MiniBs, and LDBs for MY's after 2020. The SRs of other vehicle
types were assumed to remain unchanged.

Trendsin vehicle composition were projected according to govern-
ment policies, the development plan of the Chinese auto industry (20),
and the historical trendsin some developed countries. The following
factorswere taken into account to determine the composition of vehi-
cletypes. First, sales of passenger carswill continue to increase, and
the share of truck sales will gradually decrease. Second, the propor-
tion of small carsin the car population could begin to increasein the
near future because of recent government policies to encourage
the purchase of small cars and because of budget car purchases by
middle-income families (On April 1, 2006, the Chinese centra gov-
ernment set the national vehicle sales excise tax rates for passenger
carsto encourage sales of small cars). Third, sharesof diesel vehicles
in the Chinese vehicle fleet could increase in the future.

Projection of Motorcycle Stock

The MC population has been increasing at an annual rate of 17%
in China during the past 15 years. In 2004 the MC stock in China
was about 67 million (8). Unlike the pattern for HWV's, the owner-
ship growth pattern for MCs varies greatly in different countries.
The growth of MCs could be influenced by three sets of factors:
(a) economic factors, (b) geographical factors, and (c) other factors.

Economic Factors

According to surveysthat address urban familieswith differentincome
levelsin Chinawho own MCsand HWV sin different years (8), MC
ownership in families with per capita income below 20,000 yuan
(8.3 yuan = $1.00; 2003) rises as per capitaincome increases. How-
ever, when per capita income reaches 20,000 to 30,000 yuan (2003
price), the MC growth rate appearsto sow, reaching asaturation level.
Also at thisincomelevel, car purchasesbegintoincreaserapidly, sug-
gesting that aswitch from M Csto passenger carsoccursin urban fam-
ilies asincome rises. Although it is still unclear how HWV and MC
ownership in China will change when per capita income increases
to more than 30,000 yuan, MC ownership could start to decline as
income continues to increase. As people move up from one income
level to the next, average MC ownership per 1,000 people can vary
greatly. Inthisstudy it was assumed that within agivenincomelevel,
MC ownership per 1,000 people will remain the same. Total MC
population is projected by the distribution of income levels.

Geographical Factors

Geographical features are important factors influencing MC stock.
Nagai et a. (21) summarized thetrend associated with M C ownership
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in Asian countries and found that MC ownership tends to increase as
per capita GDP grows, except in several geographically unigque coun-
triesand areas, such asthe Philippines, whichisarchipelagic, and Sin-
gapore, whichisacity state. In China, because geographical features
vary dramatically throughout the country, MC ownership isdifferent
from region to region. For example, the level of MC ownership in
Hainan Province is 64 per 1,000 people and is still growing at an
annud rate of 17%, whereasin Sichuan, the level of MC ownership
has stabilized at only 9.2 per 1,000 people. Notethat per capitaincome
inthetwo provincesissimilar. MC ownership by rural familiesisgen-
eraly higher than that by urban familiesin China. This differenceis
also attributable partly to policiesin major Chinesecitiesto limit, and
even ban, the registration and use of MCsin urban areas. Animpli-
cation is that rural MCs have greater potential for growth than
urban MCsin the foreseeable future. Also, generally MC ownership
in southern regionsis higher than in the northern regions because the
warmer southern climate makes riding MCs more comfortable. MC
ownership inthe western provincesis much lower than in the eastern
provinces because of lower income and mountainous geography in
thewest. Thereforethe 31 provincesin Chinawere divided into three
regions: the northern, southern, and western regions. In addition,
urban and rural MC stocks were projected separately.

Other Factors

Other factorsinclude MC restriction policiesand policiesthat influ-
encetheuseof MCsor cars. Thefluctuationin MC ownershipinthe
United Kingdom is a typical example. Duffy and Robinson (22)
stated that the second growth period for MCs during the two oil
crises in the 1970s in the United Kingdom was probably related,
to some extent, to the lower fuel consumption by MCs. They also
considered that the upswing in MC ownership in the United King-
dom since the mid-1990s might be the result of the recent govern-
ment efforts to inhibit car use in major cities to relieve congestion.
Also, asurgein MC sales has been observed in the United Statesin
2006 because of high gasoline prices. These factors are difficult to
specify when projecting MC stock—some are even unpredictable.
In this study, only the quantifiable factors are taken into account,
such astherestrictions mentioned above on M C registration and use
in urban areasin China.

The following equation was used to simulate the MC stock in
China:

MC, = Y'[inc_dis, x M¥x (1-res)] @)

where

MC; = MC ownership per 1,000 peoplein year i,

j = income level j (per capita income classified into 11
income levels, with more levels at lower incomes
because M C ownership is more sensitive to income at
lower income levels),

inc_dis = income distribution, that is, the share of the total pop-
ulation (%) in income level j (lognormal distribution
used to simulate the income distribution),

M} =MC ownership per 1,000 people for the population in
incomelevel j [onthebasisof statistics, historical trends
of MC stock, and other survey studies (8, 23), M* setfor
the first to the ninth income level for the six regions—
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northern urban, northern rural, southern urban, southern
rural, western urban, and western rural], and

res = restriction factorsin year i, which reflect the effect of
possible policies to restrict the use of MCs. However,
this factor is difficult to quantify. In this study, it was
assumed that M* will be reduced by 20% of total MC
population in urban areas after 2020, another 5% after
2030, and another 5% in 2040 as a result of potential
policy intervention.

Projection of Rural Vehicle Stock

With arural population of 925 million, Chinahasalarge population
of RVs—about 22 million in 2001 (24). Because the registration
requirementsfor RVsin Chinaare weak, the statistical datafor RVs
from different official statistical sources are inconsistent and may
not provide accurate information about Chinese RVs. Mainreliance
was oninformation released by the Chinese RV industry and related
organizations.

The production of RVsin Chinaincreased at arapid annual rate of
38% between 1985 and 2000—ahigher ratethan that for HWV's. This
rapid growth was caused partly by the much more lenient require-
ments and weaker regulations for RV's compared with HWV's. The
production growth of RVsin Chinahas dowed down in recent years,
probably as aresult of sower growth in theincome of rural families
and stringent new regulatory conditionsfor using RV's (25).

Problems related to safety and the pollution generated by RV's
have already raised government concerns. Efforts are under way to
develop and enforce RV regulations from RV production through
registration and to improve RV technologiesto increase the safety of
RV s and reduce emissions. Nevertheless, the Chinese RV stock still
shows a huge potential for growth because of thelow rate of owner-
ship: 9.3 RVsper 100 rural householdsin 2001 (25). Theincreasein
per-rural-family income and improvements in the condition of rural
roads could result in growth of RV stock. According to asurvey con-
ducted by authorities in more than 20 provinces that addressed the
willingness of familiesto purchasean RV, 5% of rural familieswere
willing to purchase an RV in the next 3 years (26).

Somewhat similar to MCs, RVscould beatransitional transporta-
tion means because of their much lower price. When their per capita
income increases, rural families could turn to more comfortable
modes such as LDTs. Therefore, the RV stock was projected by
using the same method asthat used for projecting the M C stock. The
RV ownership per 1,000 rural people was estimated from available
datafor 11 income levels (27). A switching factor was established
to reflect apotential switch from RVsto LDTsor MDTsasincome
movesup from Level 5to Level 11. A restriction factor that reflects
theinfluence of policieswasalso established for RV ownership. The
split between ownership of 3-W RVsand 4-W RV swas about 80%
and 20% in 2000 (28).

Vehicle Miles Traveled

Vehiclemilestraveled (VMT) datain Chinaare not readily available
or published. The limited VMT data that were obtained from the
availableliterature provide some helpful information about the char-
acteristics of VMT by the Chinese vehicle fleet. Table 1 shows
the annual VMT of the vehicle types examined in this study for
Chinaand for several other countries.
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TABLE 1 Comparison of Annual VMT Projections in Study with VMT in Selected Countries
Country China? Japan® United States® United Kingdome France® Germany®
Year 2000 2030 2050 1999 2002 1999 1999 1998
Cars 24 13 12 8 19 17 15 12
Trucks
HDTs 40 50 55 78 71 25 20 13
MDTs 25 24 24 50 21
LDTs 21 20 20 3040 20
MiniT 20 15 14 19
Buses
HDBs 40 35 35 13 20¢ 60 29 44
LDBs 35 20 20
MCs 9 5 4 3.1¢ 6.7 17 34
RVs
3-W 15 15 15
4-W 28 28 28

VMT = km thousands.

aThe weights of MiniTs, LDTs, MDTs, and HDTsin Chinaare<1.8 MT, 1.8-6 MT, 6-14 MT, and 214 MT, respectively.
PFrom Minato and Hirota (29). Trucks here are commercial trucks, and the weights of LDTs, MDTs, and HDTsin Japan are 46 MT,

7-8 MT, and >10 MT, respectively.

°From Davis and Diegel (5), pp. 5-6. The weights of MiniTs, LDTs, MDTs, and HDTsin the United Statesare <2.7 MT (<6,000 Ib),
2.7-4.5MT (6,001-10,000 Ib), 4.5-11.8 MT (10,001-26,000 Ib), and >11.8 MT (>26,000 Ib), respectively.

9From FHWA (30), 2001 data.
eFrom FHWA (30).

Cars

According to the available survey results in China, the annual VMT
of cars in cities has been about 24,000-27,000 km in the past few
years(31, 32). Compared withthe VMT of other devel oped countries,
the current Chinese car fleet VMT ismuch higher, whichis caused by
the high percentage of taxis in the Chinese car fleet (16.4% in 2002
and 10.1% in 2004) and their high annual mileage (90,000-115,000
km). Asthe number of private cars growsrapidly, the annua mileage
of carswill decrease. It was therefore assumed that the annual VMT
by cars will decrease and eventualy reach 12,000 km per year in
2050, which is about the current level in Western Europe, as shown
inTable 1.

Trucks and Buses

According to He et al. (2), HDTsin Chinatravel about 50,000 km
annually, and MDTsand LDTstravel 20,000-25,000 km each year
(2). Other researchersreported 20,000 km per year for HDTs (4, 31).
AsTable 1shows, HDTsinthe United States and Japan tend to have
higher VMT than LDTs because HDTs are mainly business owned
and most of them are used for long-distance transport. In thisstudy, an
increasing trend for HDT annual VMT and a stable trend for LDT
and MDT annual VMT were projected. The annual VMT for buses
are somewhat similar to thosefor trucks. Larger busestend to travel
farther than smaller ones.

MCs

Previousresearch hasfound that the current Chinese MC annual VM T
ranges from 4,000 to 10,000 km (29, 33, 34). Worldwide, the annual
VMT of MCs varied from 1,700 to 6,700 km during the 1990s

(Table 1) (30). It was assumed that annual VMT for Chinese MCs
will decrease from 9,000 km in 2000 to 4,000 km in 2050.

RVs

Theannual VMT of current RV swas estimated by using their scrap-
page mileage (35) and their average scrappage age. It was further
assumed that the annual VMT of RVswill remain constant in the
future.

Fuel Economy of Vehicles by Model Year

The datain He et al. (2), Sperling et al. (35), and the Development
Research Center (36) were used to estimate the fuel economy of
vehicleshy MY before 2005. Three scenarioswere devel oped to esti-
mate the fuel economy of future new motor vehiclesin China: acon-
servative scenario, amoderate scenario, and an aggressive scenario.
The scenarios were established on the basis of the U.S. National
Academy of Sciences (NAS's) Paths (37) (NAS defined three fuel
economy improvement paths based on market potential s of fuel econ-
omy improvement technol ogies and economic/regul atory conditions.
Path One assumeslikely market-responsive advancesin fuel economy
using production-intent technol ogiesthat could beintroduced in the
next 10 years. Path Two assumes more aggressive advancesin fuel
economy that employ more costly production-intent technologies
but that are technically feasible for introduction in the next 10 years
if economic and regulatory conditions justify their use. Path Three
assumes even greater fuel economy gains, which would necessitate
the introduction of emerging technologies that have the potential
for substantial market penetration in 10 to 15 years.) and Japanese
fuel consumption requirements for heavy-duty vehicles (38), as
shown in Table 2. Under the conservative scenario, the fuel economy
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TABLE 2 Fuel Economy Scenarios for Chinese Highway Vehicles
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Conservative Scenario

Moderate Scenario

Aggressive Scenario

LDBs, MiniBs, cars NAS's Path One technologies

began in 2005 in China

LDTs, MiniTs NAS's Path One technologies
will beginin 2008 in China
HDBs, MDBs, Japanese HDT fuel consumption
HDTs, MDTs requirements will beginin

2020 in China

NAS's Path One technologies began in
2005 in China; NAS's Path Two
technologies will beginin 2012 in China

NAS's Path One technologies will beginin
2008 in China; NAS's Path Two
technologies will beginin 2016 in China

Japanese HDT fuel consumption
requirements will beginin 2016 in China

NAS's Path One technol ogies began in 2005
in China; NAS's Path Three technologies
will beginin 2012 in China

NAS's Path One technologies will beginin
2008 in China; NAS's Path Three
technologies will beginin 2016 in China

Requirements 20% more stringent than
Japanese HDT fuel consumption;
requirements will beginin 2016

of new carsin Chinawill be equivalent to that in the United States
by 2030.

Calculation of Oil Use and CO; Emissions

Qil use was calculated by using vehicle stock by vintage, VMT, and
fuel economy of vehicles (by MY). Carbon dioxide emissions were
calculated based on the assumption that al the carbonin fuelswill be
converted to CO, eventually, so CO, results in this study are the so-
called pump-to-wheels (PTW) results. To takeinto account CO, emis-
sions generated during the production and delivery of gasoline and
diesel, researchers could use well-to-wheels (WTW) CO, emission
factors per unit of fuel used. Usualy, WTW CO, emissions are 20%
higher than PTW CO, emissions.

RESULTS AND ANALYSIS
Projected Total Chinese Vehicle Stock

By 2050 the HWV stock in Chinais projected to reach 486 million
to 662 million (see Figure 2) and will match the current U.S. vehicle
stock level between 2027 and 2028. By 2035 the Chinese HWYV stock
will reach 321 million to 391 million, which will be similar to the
projected U.S. vehicle stock of 330 million by 2030 (39). After 2035

Chinawill potentially have the largest HWV fleet in theworld, even
under the low-growth scenario. Moreover, even by 2050, the num-
ber of HWV s per 1,000 peoplein Chinawill not reach the saturation
point, so the Chinese HWV stock will still havethe potential to grow
after 2050.

Table 3 shows the projected vehicle stock by type. The number of
passenger cars is expected to dramatically increase in the future.
Under the low-growth scenario, the total number of carsin Chinawill
reach the current U.S. car population by about 2020. Even under the
low-growth scenario, the increase in the absolute number of carsin
Chinawill be extraordinarily high asaresult of significant growthin
GDP and China's high population. Note that Ng and Schipper pro-
jected a Chinese car population of 145.7 million by 2020 under the
business-as-usua scenario and 72 million to 131 million under alter-
native vehicle-constraining scenarios (40). Their projected car pop-
ulation ismuch larger than the projected popul ation of this study—
87 million to 93 million in 2020.

The number of trucks will also increase at an annual rate of 5.0%
to 5.7% through 2050, reaching 86 million to 118 million by 2050.
Thenumber of MCs(thelargest vehiclefleet in Chinaat present) will
continue to grow during the next 20 to 25 years to reach 92 million
by approximately 2030. Then, the number will gradually decline as
aresult of anincreasein family incomein Chinaand the consequent
switch from MCsto cars. This trend was driven by the assumption
that MC ownership will decline at higher income levels. By 2050
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TABLE 3 Projected Chinese Vehicle Stock

2000 2010 2020 2030 2040 2050

Low-growth scenario

Tota highway vehicles 16 52 125 247 389 486
Cars 4 26 87 186 306 391
Trucks 7 15 27 47 70 86
Buses 4 11 11 13 13 10

HWV /1,000 people 13 39 90 174 270 335
High-growth scenario

Tota highway vehicles 16 53 134 287 495 662
Cars 4 27 93 217 389 532
Trucks 7 15 29 55 89 118
Buses 4 11 12 15 17 13

HWV /1,000 people 13 39 97 202 344 456

Total MCs 44 7 95 92 61 44

MCs/1,000 people 35 58 69 65 42 30

Total RVs 21 40 45 41 32 28

RVs/1,000 rural people 23 53 76 90 81 83

Norte: Vehicle stock in millions.

Chinawill have44 million M Cs. The population of RVswill steadily
increase to 45 million by 2020; then RV population will gradually
decrease to 28 million by 2050.

Projected Annual Highway Vehicle Sales

By 2050, annual sales of HWV s could reach 42 million to 59 million,
which is about 10 times today’s annual sales level. By 20222023,
annua HWYV saleswill reach 20 million, and theninlessthan 10 years,
annual saleswill reach at least 30 million. In comparison, total annual
vehicle salesin the United Statesis 17 million, of which 7.5 million
are passenger cars and 9.5 million are trucks (41). The projection
shows that starting in 2007, passenger car sales will exceed sales of
trucks and buses combined. Annual passenger car sales could reach
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10 million by 2017, 20 million by 2027, 30 million by 2036, and
40 million by 2050.

Projected Annual Oil Consumption
and CO, Emissions

Figure 3 shows the projected oil demand by Chinese motor vehicles
(including HWV's, RV's, and MCs) under nine combinations of the
three vehicle growth scenarios and the three fuel economy improve-
ment scenarios. In 2005, on-road Chinese vehicles consumed a total
of 108.6 million MT of ail (2.2 million barrels per day), which was
about one-third of thetotal national oil consumption. The oil demand
by the Chinese road transportation sector will rise rapidly, reaching
614 million=1,016 million M T per year (or 12.4 millionto 20.6 million
barrels per day) by 2050.

According to Figure 3, the oil demand by the road transportation
sector in Chinawill match that in the United States by 2030-2041.
Relative to the growth pattern of the vehicle population (see Fig-
ure 2), it will take some additional years for Chinato match the oil
demand of road transportation in the United States because Chinese
vehicleswill besmaller than U.S. vehiclesand will most likely have
lower energy intensity.

The combination of the high-growth scenario and the conservative
fuel economy improvement scenario resultsin the highest oil demand
in 2050—65% higher than that under the combination of the low-
growth scenario and the aggressive fuel economy scenario. In away,
the difference between these two combinations shows the potential
for energy conservation that can result from containing Chinese
vehicle population growth and improving vehicle fuel economy.
Furthermore, under any given vehicle growth scenario, oil demand
under the aggressive fuel economy improvement scenario in 2050
i523% lower than that under the conservative scenarios, which results
in a savings of 141 million—192 million metric tons (2.9 million to
3.9 million barrels per day) of ail by 2050.

The demand for diesel by motor vehiclesincreases much more
rapidly than does the demand for gasoline. In 2050 the demand

1400 oo
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FIGURE 3 Projected annual oil demand by Chinese motor vehicles under nine combinations

of scenarios.
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for gasoline and diesel will be 179 million to 317 million metric
tons and 435 million to 699 million metric tons, respectively. The
demand for diesel to fuel Chinese on-road vehicleswill be about
two-thirds of total transport oil demand by 2050.

In 2005, oil consumption levelsfor cars, buses, trucks, MCs, and
RVs were 13.4%, 15.9%, 35.7%, 10.0%, and 25.0%, respectively.
Thisstudy’ sprojection showsthat carsand truckswill bethelargest
consumersof oil in Chinese road transportation in the next half cen-
tury. Carshave already been targeted for oil savingsworldwide. The
oil consumption share by carsin Chinawill account for 30%-31%
of the total oil demand by HWVs in 2050. However, although the
shareof trucksinthe HWV category will be decreasing to below 25%
by about 2015, all trucks together will still consume the largest share
of il through 2050—suggesting that Chinaneedsto implement some
effective measures to control oil consumption by trucks.

With a declining share of MC stock, the percentage of oil demand
by MCswill decline from 10% in 2005 to below 0.3%—-0.6% in 2050.
RVshavebeenlargely ignored in addressing energy useand emissions
from motor vehiclesin China. In fact, because of their large pop-
ulation, RV's consume asignificant amount of oil. RV's consumed
18 million and 27 million metric tons of diesel in 2000 and 2005,
respectively—accounting for morethan 40% of thetotal diesel usedin
road transportation. In 2050 RVs will consume 24 million MT of
diesdl, accounting for 3.4%-5.6% of total diesel demand for road trans-
portation in China. Some other studies reported that RV's consumed
about 14 million to 19 million metric tons of diesel in 2000 (34, 42,
43); these estimates are quite close to the results of the present study.

By 2050 Chinese motor vehiclescould emit 1.9 billionto 3.2 billion
metrictons(or 2.1 hillionto 3.5 hillion tons) of CO, under the nine com-
binations of scenarios—six to 10 times today’s CO, emissions from
Chinesemotor vehicles. By 2028-2037, the CO, emissionsof Chinese
motor vehicleswill match those of current U.S. motor vehicles (44).

CONCLUSIONS AND DISCUSSION

In this study, amodel was developed to project tota HWV, MC, and
RV populationsin China by 2050. To address the uncertainties asso-
ciated with the growth in the number of Chinese vehicles and the
potential toimprove vehicle fuel economy, two sets of scenarioswere
devel oped: one covering therange of vehicle growth ratesand the other
the range of potentia improvementsin vehicle fuel economy.

By 2030 China could have more HWYV s than the United States has
today, and by 2035, it will probably havethemost HWV s of any coun-
try intheworld. By 2050 Chinacould have 560 millionto 730 million
motor vehicles on the road. On the basis of scenarios projecting the
growth of vehicle stock and improvementsin fuel economy, on-road
vehiclesin China could consume 614 million to 1,016 million metric
tons of oil ayear (or 12.4 million to 20.6 million barrels of oil aday)
and emit 1.9 hillion to 3.2 hillion metric tons (or 2.1 billion to 3.5 bil-
liontons) of CO, ayear in 2050, whichwould put tremendous pressure
on the balance of Chinese (and, indeed, international) oil supply and
demand. Another result will be serious concerns about the potential
effects of Chinese motor vehicles on global climate change.

The findings of this study show that, although the population of
Chinese HWV s could match that of HWV sin the United Statesbefore
2030, oil consumption by Chinese vehicles will match that of the
current U.S. vehicle population between 2030 and 2041 (depending
on vehicle growth and fuel economy improvement scenarios). The
apparent lag of growth in oil consumption versus growth in vehicle
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population in Ching, in comparison with the growth in the United
States, islargely theresult of differencesin vehicle fleet composition
between thetwo countries. In China, the vehiclefleet consists of vehi-
clesthat are smaller than those in the United States, so the Chinese
vehiclefleet could useless oil than the U.S. vehiclefleet. Thisdiffer-
ence in oil consumption demonstrates the importance of introducing
small, efficient vehicles—which is indeed encouraged by recently
adopted Chinese paliciesthat introduce vehicle sales excise taxes.

Furthermore, although improvementsin vehiclefuel economy are
crucial in reducing transport energy use, simulations show that with
the given assumptions, containing the growth of the vehicle popu-
lation could have a profound effect by reducing oil use and CO,
emissions.

Although the population of passenger cars will far exceed that of
all truck typesin Chinain the future, oil use and CO, emissionsfrom
the Chinese truck fleet will befar larger than those related to Chinese
passenger cars. Thereasonisthat trucksarevery useintensive (higher
VMT per year) and energy intensive (lower fuel economy). Unfortu-
nately, fuel economy regulationsfor trucksare weak worldwide. Only
very recently did Japan adopt fuel economy standardsfor HDTs. Chi-
nese organizations recently began to evaluate potential fuel economy
standards for heavy-duty vehicles. Such standards, with a timely
implementation schedule, are urgently needed to control energy use
by the Chinese truck fleet in the future.

The Chinese government is making amajor effort to develop ater-
native transportation fuels to control China's oil imports. The poten-
tial use of dternative fuels in China has not been considered in this
study. Although they may reduceoil use, alternativefuel sthat are pro-
duced from fossil energy sources may not reduce CO, emissions.
Only if aternative fuels are produced from renewable sources (such
ashiomass) will their use help reduce both CO, emissionsand ail use.

Thisstudy’ s projection of theoil demand by the Chineseroad trans-
portation sector is enormous. Researchers may question how such
demand will be met, especially given that world conventional oil pro-
duction may reachits peak before 2050. Oneway of interpreting these
resultsisthat, if Chinamakes no effort to address oil use by and CO,
emissions from its on-road vehicles, the Chinese transportation sec-
tor will have detrimental effects on global oil use and CO, emissions.
However, by realizing thetremendous potential detrimental effects of
unchecked oil use and CO, emissions, China could make efforts to
addresstheseissues by improving per-vehicle energy efficiency, pro-
moting the use of alternative trangportation fuels, and encouraging the
use of more efficient transport modes (such as public transportation
systems). Nevertheless, with therapid economic growth, ahuge popu-
lation, and its citizens' desire for increased mobility, the Chinese
transportation sector faces significant challengesin regard to sustain-
able resource supply and environmental protection. Meeting such
challenges will require coordinated efforts both within China and
between China and the international community.

ACKNOWLEDGMENTS

This study was supported by the U.S. Department of Energy’s
FreedomCAR and Vehicle Technologies Program, in the Office of
Energy Efficiency and Renewable Energy. Theauthorsaregrateful to
their sponsor, Ed Wall, for hissupport and input. The submitted paper
has been created by UC Argonne LLC, as operator of the Argonne
National Laboratory, with the U.S. Department of Energy.



Huo, Wang, Johnson, and He

REFERENCES

1

10.
. Dargay, J., and D. Gately. Income’ s Effect on Car and Vehicle Owner-

12.

13.
14.

15.

16.

17.

18.

19.

20.

21

22.

Jin, Y., W. Wu, B. Xu, Z. Wang, D. He, C. Per, M. Wang, F. An, and
M. Walsh. Development of Fuel Consumption Standards for Chinese
Light-Duty Vehicles. SAE Technical Paper 2005-01-0534. Society of
Automotive Engineers, Washington, D.C., 2005.

. He, K., H. Huo, Q. Zhang, D. He, F. An, M. Wang, and M. P. Walsh. Qil

Consumption and CO, Emissions in China's Road Transport: Current
Status, Future Trends, and Policy Implications. Energy Policy, Vol. 33,
No. 12, 2005, pp. 1499-1507.

. Kobos, P., J. Erickson, and T. Drennen. Scenario Analysisof Chinese Pas-

senger Vehicle Growth. Contemporary Economic Policy, Val. 21, No. 2,
2003, pp. 200-217.

. Wang, M., and D. He. The Effect of Growth of Vehicle Population and

1ts Qil Consumption on CO, Emissionsin Chinain the Future 30 Y ears
(in Chinese). Presented at Conference for Background of Vehicular Fuel
Economy in China, Beijing, Dec. 20, 2000.

. Davis, C. S,, and W. S. Diegel. Transportation Energy Data Book, 24th

and 25th ed. Prepared for the U.S. Department of Energy, 2004 and 2006.

. European Union Energy & Transportin Figures. European Commission,

Directorate-General for Energy and Transport. ec.europa.eu/dgs/energy
transport/figures/pocketbook/2003_en.htm. Accessed Jan. 2006.

. Korean Automobile Manufacturers Association. www.kama.or.kr.

Accessed March 2006.

. State Statistical Bureau of China. Statistical Yearbook of China (various

issues). China Statistics Press, Beijing, 1995-2005.

. Easterly, R. W. Global Development Network Growth Database. econ.

worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTRESEARCH/
0,,contentM DK :20701055~pagePK :64214825~pi PK :64214943~theSite
PK:469382,00.html. Accessed Jan. 2006.

U.S. Census Bureau. www.census.gov/. Accessed Aug. 2005.

ship, Worldwide: 1960-2015. Transportation Research Part A, Vol. 33,
No. 2, 1999, pp. 101-138.

Button, K., N. Ngoe, and J. Hine. Modeling V ehicle Ownership and Use
in Low Income Countries. Journal of Transport Economics and Policy,
Voal. 27, No. 1, 1993, pp. 51-67.

Zhou,D.,Y.Dai,C.Yi,Y.Guo,and Y. Zhu. China's Sustainable Energy
Scenariosin 2020. China Environmental Science Press, Beijing, 2003.
Li, J., C. Zhong, and X. Ge. China’s Strategy of Economic Development
in the 21st Century. China City Press, Beijing, 2002.

Hu, A. Current Status, Near-Term Perspective, and Long-Term Trend
of China’'s Economic Growth. (in Chinese) Strategy and Management,
No. 3, 1999, pp. 27-34.

National Reality Analysis Group of ChinaScience Academy. A Study of
China s Economic Development Target by the 21st Century and Basic
Development Strategy (in Chinese). Management World, No. 5, 1995,
pp. 20-30.

United Nations. World Population Prospects: The 2004 Revision: High-
lights. United Nations, New Y ork, 2005.

Research Group of China Energy Strategies. Research on China Energy
Srategies 2000-2050. China Electricity Press, Beijing, 1996.

Yang, F., L. Yu, G. Song, W. Wang, and W. Pei. Modeling Dynamic
Vehicle Age Distribution in Beijing. Proceedings of the 2003 I nstitute of
Electronicsand Electrical Engineers, Vol. 1, pp. 574-579.

Research Group of Automotive Industry Development in the Tenth Five-
Y ear Plan. Projection of Vehicle Market During the Tenth Five-Y ear Plan
(in Chinese). Machine-Electricity New Production Gazette, No. 1-2, 2001,
pp. 50-57.

Nagai, Y., A. Fukuda, Y. Okada, and Y. Hashino. Two-Wheeled Vehicle
Ownership Trends and Issues in the Asian Regions. Journal of the East-
ern Asia Society for Transportation Sudies, Vol. 5, 2003, pp. 135-146.
Duffy, M., and T. Robinson. An Econometric Analysis of Motorcycle
Ownershipinthe U.K. International Journal of Transport Management,
Vol. 2, 2004, pp. 111-121.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

35.

36.

37.

38.

39.

41.

42.

77

Zhang, G., and J. Zhu. Analysis and Projection on China s Motorcycle
Market. (in Chinese) Projection, No. 5, 1996, pp. 37-41.

China Automotive Industry Yearbook (variousissues), 1991, 1993-2003.
China Automotive Technology and Research Center, Chinese Automo-
tive Manufacturers Association.

Tang, G. Review and Prospect of Rural Vehicle Market (in Chinese).
Rural Machinery Market, No. 1, 2003, pp. 44—45.

Yu, C., and J. Xiao. Market Strategies of Mini Vehiclesin Rurd Areasin
China. (in Chinese) Automotive Industry Research, No. 2, 2005, pp. 43-45.
Research on Devel opment Strategies of China’ sRural Vehicles. Former
Ministry of Machinery Industry, China, 1997.

The Tenth Five-Year Plan of the Chinese Rural VehicleIndustry. Machin-
ery Industry Rura Vehicle Development Research Center and Rural
Vehicle Section in China s Rural Machinery Industry Association, 2001.
Minato, K., and K. Hirota. Fuel Economy Regulation of Heavy-Duty
Vehicles (in Japanese). JARI Research Journal, Vol. 25, No. 3, 2003,
pp. 1-4.

Highway Statistics (various issues) 1993-2004. FHWA, Washington,
D.C.

Wang, W., Q. Xiang, Y. Chang, T. Li, and X. Li. Analysis Method of
Urban Transport Energy Consumption and Environmental Impact.
Science Press, Beijing, 2002.

Huo, H. Study on Link-Based Emissions for Light-Duty Vehicles Based
on Traffic Characteristic. Doctoral thesis. Tsinghua University, Beijing,
2005.

Yang, F.,and L. Yu. Adjusting Vehicle Mileage Accumulative Ratesin
Beijing Making Use of Small Sample Survey (in Chinese). Journal of
Northern Jiaotong University, Vol. 28, No. 2, 2004, pp. 82-85.

. Hao, J,, L. Fu, K. He, and Y. Wu. Urban Vehicular Pollution Control.

China Environmental Science Press, Beijing, 2001.

Sperling, D., Z. Lin, and P. Hamilton. Rural Vehiclesin China. Presented
at 83rd Annual Meeting of the Transportation Research Board, Washing-
ton, D.C., 2004.

Development Research Center, State Council, Department of Environ-
mental Science and Engineering, TsinghuaUniversity, ChinaAutomotive
Technology and Research Center, and Chinese Research Academy of
Environmental Sciences. Background Report of Vehicular Fuel Economy
in China. Energy Foundeation, 2001. www.efchina.org/documents/China._
FuelEcon_Backgd.pdf. Accessed March 2006.

National Research Council. Effectiveness and Impact of Corporate Aver-
age Fuel Economy (CAFE) Standards. National Academy Press, Wash-
ington, D.C., 2002.

Japan Advisory Committee on Energy and Natural Resources. Final
Summary on the Workshop of Fuel Economy Standards of Heavy-Duty
Vehicles. 2005 (in Japanese). www.mlit.go.jp/jidosha/juuryoushanenpi/
saishuu.pdf. Accessed April 2006.

Annual Energy Outlook 2006. DOE/EIA-0383(2006). Energy Informa
tion Administration, 2006.

. Ng, W. S, and L. Schipper. ChinaM otorization Trends: Policy Optionsin

aWorld of Transport Challenges. In Growing in the Greenhouse: Protect-
ing the Climate by Putting Development First. World Resource Intitute,
Washington, D.C., 2006.

Ward sMator Vehicle Factsand Figures2005. Ward’ sCommunications,
Southfield, Mich., 2006.

Ke, X., and C. Shang. Development Trend of Domestic Civil Vehiclesand
Its Influences on Supply of Oil Product (in Chinese). Petro-Chemistry
Technology Economics, Val. 16, No. 4, 2000, pp. 31-36.

. Yang, X. Anadysisand Forecast of China s Gasoline, Keroseneand Diesel

Oil Market. (in Chinese) Petroleum & Petrochemical Today, Val. 9,
No. 11, 2001, pp. 13-18.

. Inventory of U.S. Greenhouse GasEmissionsand Sinks: 1990-2003. EPA

430-R-05-003. U.S. Environmental Protection Agency, Washington, D.C.,
2005.

The Transportation in the Developing Countries Committee sponsored publication
of this paper.



